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INFORMATION IN THIS DOCUMENT IS PROVIDED IN RELATION TO SAMSUNG PRODUCTS, AND
IS SUBJECT TO CHANGE WITHOUT NOTICE. 

NOTHING IN THIS DOCUMENT SHALL BE CONSTRUED AS GRANTING ANY LICENSE, EXPRESS
OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IN
SAMSUNG PRODUCTS OR TECHNOLOGY. 

ALL INFORMATION IN THIS DOCUMENT IS PROVIDED ON AS "AS IS" BASIS WITHOUT GUAR-
ANTEE OR WARRANTY OF ANY KIND.

1. For updates or additional information about Samsung products, contact your nearest Samsung office.

2. Samsung products are not intended for use in life support, critical care, medical, safety equipment, or similar
applications where Product failure could result in loss of life or personal or physical harm, or any military or defense
application, or any governmental procurement to which special terms or provisions may apply. 

* Samsung Electronics reserves the right to change products or specification without notice.
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Document Title
      16Mx16 bit Synchronous Burst Uni-Transistor Random Access Memory 
Revision History

Revision No. History Draft Date Remark

       0.0 Initial October 11, 2005 Preliminary
- Design target

       1.0 Finalized July 25, 2006     Final
- Updated DC parameter (Icc2p : 25mA)
- Corrected errata
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16M x 16 bit Synchronous Burst Uni-Transistor CMOS RAM

GENERAL DESCRIPTION
The K1S56161CM is fabricated by SAMSUNG′s advanced CMOS technology using one transistor memory cell. The device sup-
ports 4 page read operation and Industrial temperature range. The device supports dual chip selection for user interface. The
device also supports internal Temperature Compensated Self Refresh mode for the standby power saving at room temperature
range.

FEATURES & FUNCTION BLOCK DIAGRAM
• Process technology: CMOS                                                                 
• Organization: 16M x 16 bit
• Power supply voltage: 2.7V~3.1V
• Internal TCSR

PRODUCT FAMILY 

Product Family Operating Temp. Vcc Range Speed
(tRC)

Power Dissipation
PKG TypeStandby

(ISB1, Max.)
Operating
(ICC2, Max.)

K1S56161CM-I Industrial(-25~85°C) 2.7~3.1V 70ns 400µA < 85°C
220µA < 40°C 40mA TBD
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POWER UP SEQUENCE
During the Power Up mode, the standby current can not be guaranteed. To get the stable standby current level, at least one cycle
of active operation should be implemented regardless of wait time duration. To get the appropriate device operation, be sure to
keep the following power up sequence.
1. Apply power.
2. Maintain stable power(Vcc min.=2.7V) for a minimum 200µs with CS1=high.or CS2=low.

TIMING WAVEFORM OF POWER UP(1) (CS1 controlled)

TIMING WAVEFORM OF POWER UP(2) (CS2 controlled)

FUNCTIONAL DESCRIPTION

1. X means "Don’t care". X should be low or high state.

CS1 CS2 OE WE LB UB I/O1~8 I/O9~16 Mode Power

H X1) X1) X1) X1) X1) High-Z High-Z Deselected Standby

X1) L X1) X1) X1) X1) High-Z High-Z Deselected Standby

X1) X1) X1) X1) H H High-Z High-Z Deselected Standby

L H H H L X1) High-Z High-Z Output Disabled Active

L H H H X1) L High-Z High-Z Output Disabled Active

L H L H L H Dout High-Z Lower Byte Read Active

L H L H H L High-Z Dout Upper Byte Read Active

L H L H L L Dout Dout Word Read Active

L H X1) L L H Din High-Z Lower Byte Write Active

L H X1) L H L High-Z Din Upper Byte Write Active

L H X1) L L L Din Din Word Write Active

Min. 200µs ≈
≈

≈
≈

VCC

CS1

CS2

VCC(Min)

Normal Operation Power Up Mode

Min. 200µs ≈

VCC

CS1

CS2

VCC(Min)

≈
≈

≈

Normal Operation Power Up Mode
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ABSOLUTE MAXIMUM RATINGS

1) Stresses greater than "Absolute Maximum Ratings" may cause permanent damage to the device. Functional operation should be restricted to be 
used under recommended operating condition. Exposure to absolute maximum rating conditions longer than 1 second may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

1. TA=-40 to 85°C, otherwise specified.
2. Overshoot: VCCQ +1.0V in case of pulse width ≤20ns. Overshoot is sampled, not 100% tested.
3. Undershoot: -1.0V in case of pulse width ≤20ns. Undershoot is sampled, not 100% tested.

CAPACITANCE

DC AND OPERATING CHARACTERISTICS

1. Internal TCSR (Temperature Compensated Self Refresh) is used to optimize Refresh cycle below 40°C.
2. IIO=0mA; This parameter is specified with the outputs disabled to avoid external loading effects.

Item Symbol Ratings Unit

    Voltage on any pin relative to Vss VIN, VOUT -0.2 to VCCQ+0.3V V

    Power supply voltage relative to Vss VCC, VCCQ -0.2 to 3.6V V

    Power Dissipation PD 1.0 W

    Storage temperature TSTG -65 to 150 °C

    Operating Temperature TA -25 to 85 °C

Item Symbol Min Typ Max Unit
Power supply voltage(Core) VCC 2.7 2.9 3.1 V

Power supply voltage(I/O) VCCQ 2.7 2.9 3.1 V

Ground Vss, VSSQ 0 0 0 V

Input high voltage VIH 0.8 x VCCQ - VCCQ+0.22) V

Input low voltage VIL -0.23) - 0.6 V

Item Symbol Test Condition Min Max Unit

    Input capacitance CIN VIN=0V - 8 pF

    Input/Output capacitance CIO VIO=0V - 8 pF

Item Symbol Test Conditions Min Typ Max Unit
Input Leakage Current ILI VIN=Vss to VCCQ -1 - 1 µA

Output Leakage Current ILO CS=VIH, PS=VIH, OE=VIH or WE=VIL, VIO=Vss to VCCQ -1 - 1 µA

Average Operating 
Current(Async) 

ICC2 Cycle time=70ns, IIO=0mA4), 100% duty, CS=VIL, PS=VIH, VIN=VIL or VIH - - 40 mA

ICC2P Cycle time=tRC+3tPC, IIO=0mA4), 100% duty, CS=VIL, PS=VIH, VIN=VIL or 
VIH

- - 25 mA

Output Low Voltage VOL IOL=2.1mA - - 0.4 V

Output High Voltage VOH IOH=-0.1mA 2.4 - - V

Standby Current(CMOS) ISB11) CS≥VCCQ-0.2V, PS≥VCCQ-0.2V, Other inputs=Vss 
or VCCQ

< 40°C - - 220 µA

< 85°C - - 400 µA

(f=1MHz, TA=25°C)

http://www.BDTIC.com/SAMSUNG
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AC OPERATING CONDITIONS
TEST CONDITIONS
(Test Load and Test Input/Output Reference) 
 Input pulse level: 0.4 to 2.2V
 Input rising and falling time: 3ns
 Input and output reference voltage: 0.5 x VCCQ
 Output load: CL=30pF
 VCC:2.7V~3.1V
 TA: -25°C~85°C

AC CHARACTERISTICS

1.  tWP(min)=70ns for continuous write without CS toggling longer than 1.7us
2. The High-Z timings measure a 100mV transition from either VOH or VOL toward VCCQ x 0.5
3. The Low-Z timings measure a 100mV transition away from the High-Z level toward either VOH or VOL.

Parameter List Symbol
Speed

Units
Min Max

Common CS High Pulse Width tCSHP(A) 10 - ns

Asynch.
Read

Read Cycle Time tRC 70 - ns

Page Read Cycle Time tPC 25 - ns

Address Access Time tAA - 70 ns

Page Access Time tPA - 20 ns

Chip Select to Output tCO - 70 ns

Output Enable to Valid Output tOE - 35 ns

UB, LB Access Time tBA - 70 ns

Chip Select to Low-Z Output tLZ 5 - ns

UB, LB Enable to Low-Z Output tBLZ 5 - ns

Output Enable to Low-Z Output tOLZ 5 - ns

Chip Disable to High-Z Output tCHZ 0 12 ns

UB, LB Disable to High-Z Output tBHZ 0 12 ns

Output Disable to High-Z Output tOHZ 0 10 ns

Output Hold tOH 5 - ns

Asynch.
Write

Write Cycle Time tWC 70 - ns

Chip Select to End of Write tCW 60 - ns

Address Set-up Time to Beginning of Write tAS 0 - ns

Address Valid to End of Write tAW 60 - ns

UB, LB Valid to End of Write tBW 60 - ns

Write Pulse Width tWP 551) - ns

WE High Pulse Width tWHP 5 - ns

Write Recovery Time tWR 0 - ns

Data to Write Time Overlap tDW 30 - ns

Data Hold from Write Time tDH 0 - ns

AC Output Load Circuit Vtt=0.5 x VCCQ

50Ω

Dout
30pF

Z0=50Ω 

http://www.BDTIC.com/SAMSUNG
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TIMING WAVEFORMS

TIMING WAVEFORM OF READ CYCLE(1)
(Address Controlled, CS1=OE=VIL, CS2=WE=VIH, UB or/and LB=VIL)

TIMING WAVEFORM OF READ CYCLE(2)
(WE=VIH)

TIMING WAVEFORM OF PAGE CYCLE (READ ONLY)

(READ CYCLE)
1. tHZ and tOHZ are defined as the time at which the outputs achieve the open circuit conditions and are not referenced to output voltage levels.
2. At any given temperature and voltage condition, tHZ(Max.) is less than tLZ(Min.) both for a given device and from device to device interconnection.
3. tOE(max) is met only when OE becomes enabled after tAA(max).
4. If invalid address signals shorter than min. tRC are continuously repeated for over 1.7us, the device needs a normal read timing(tRC) or needs to 

sustain standby state for  min. tRC at least once in every 1.7us.

Address

Data Out Previous Data Valid  Data Valid

tAA

tRC

tOH

Data ValidHigh-Z

tRC

tOHtAA

tBA

tOE

tOLZ
tBLZ

tLZ
tOHZ

tBHZ

tHZ

tCO

Address

UB, LB

OE

Data out

CS1

CS2

Data
Valid

Data
Valid

Data
Valid

Data
Valid

Valid
Address

Valid
Address

Valid
Address

Valid
Address

Valid
Address

tPC

tPA

High Z

A23~A2

A1~A0

DQ15~DQ0

OE

tOE

tCO

tAA

CS1

CS2

tOHZ

tHZ
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TIMING WAVEFORM OF WRITE CYCLE(1)
(WE Controlled)

TIMING WAVEFORM OF WRITE CYCLE(2)
(CS1 Controlled)

1. A write occurs during the overlap(tWP) of low CS and low WE. A write begins when CS goes low and WE goes low with asserting UB or LB for sin-
gle byte operation or simultaneously asserting UB and LB for double byte operation. A write ends at the earliest transition when CS goes high or 
WE goes high. The tWP is measured from the beginning of write to the end of write.

2. tCW is measured from the CS going low to the end of write.
3. tAS is measured from the address valid to the beginning of write.
4. tWR is measured from the end of write to the address change. tWR is applied in case a write ends with CS or WE going high.
5. In asynchronous write cycle, Clock and ADV signals are ignored.
6. Condition for continuous write operation over 50 times : tWP(min)=70ns

Address

CS1

Data Undefined

UB, LB

WE

Data in

Data out

tWC

tCW tWR

tAW
tBW

tWP

tAS
tDHtDW

tWHZ tOW

High-Z High-ZData Valid

CS2

tWHP

Address

Data Valid

UB, LB

WE

Data in

Data out High-Z

tWC

tCW

tAW

tBW

tWP

tDHtDW

tWRtAS

CS1

CS2
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TIMING WAVEFORM OF WRITE CYCLE(3)
(CS2 Controlled)

TIMING WAVEFORM OF WRITE CYCLE(4)
(UB, LB Controlled)

NOTES (WRITE CYCLE) 
1. A write occurs during the overlap(tWP) of low CS1 and low WE. A write begins when CS1 goes low and WE goes low with asserting UB or LB for 

single byte operation or simultaneously asserting UB and LB for double byte operation. A write ends at the earliest transition when CS1 goes high 
and WE goes high. The tWP is measured from the beginning of write to the end of write.

2. tCW is measured from the CS1 going low to the end of write.
3. tAS is measured from the address valid to the beginning of write.
4. tWR is measured from the end of write to the address change. tWR is applied in case a write ends with CS1 or WE going high.

Address

Data Valid

UB, LB

WE

Data in

Data out High-Z

tWC

tCW

tAW

tBW

tWP(1)

tDHtDW

tWR
tAS

CS1

CS2

Address

Data Valid

UB, LB

WE

Data in

Data out High-Z

tWC

tCW

tBW

tWP

tDHtDW

tWR

tAW

tAS

CS1

CS2

http://www.BDTIC.com/SAMSUNG


	GENERAL DESCRIPTION
	FEATURES & FUNCTION BLOCK DIAGRAM
	PRODUCT FAMILY
	POWER UP SEQUENCE
	TIMING WAVEFORM OF POWER UP(1) (CS1 controlled)
	TIMING WAVEFORM OF POWER UP(2) (CS2 controlled)

	FUNCTIONAL DESCRIPTION
	ABSOLUTE MAXIMUM RATINGS
	RECOMMENDED DC OPERATING CONDITIONS
	CAPACITANCE
	DC AND OPERATING CHARACTERISTICS
	AC OPERATING CONDITIONS
	AC CHARACTERISTICS
	TIMING WAVEFORMS
	TIMING WAVEFORM OF READ CYCLE(1)
	TIMING WAVEFORM OF READ CYCLE(2)
	TIMING WAVEFORM OF PAGE CYCLE (READ ONLY)
	TIMING WAVEFORM OF WRITE CYCLE(1)
	TIMING WAVEFORM OF WRITE CYCLE(2)
	TIMING WAVEFORM OF WRITE CYCLE(3)
	TIMING WAVEFORM OF WRITE CYCLE(4)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




